Background-The highest mortality rates after liver surgery are reported in patients who undergo resection for hilar cholangiocarcinoma (HCCA). In these patients, postoperative death usually follows the development of hepatic insufficiency. We sought to determine the factors associated with postoperative hepatic insufficiency and death due to liver failure in patients undergoing hepatectomy for HCCA.
INTRODUCTION
Hilar cholangiocarcinoma (HCCA) is a relatively uncommon neoplasm originating from the malignant transformation of the epithelium of the proximal bile duct. While the tumor typically involves the biliary confluence, the tumor may extend proximally to second-and third-order biliary branches. The management of HCCA is difficult, mainly because, first, the tumor location close to the vascular hilar structures and liver parenchyma makes complex hepatic resection with bile duct excision necessary for a chance for long-term survival (1) and, second, because the lack of effective adjuvant treatment makes surgical resection the only potentially curative treatment for this tumor (2) .
In the majority of patients with HCCA, the first symptom of HCCA is obstructive jaundice, which is associated with high postoperative morbidity and mortality rates, mainly because of infections and hepatic insufficiency.(3) Preoperative biliary drainage has become a routine procedure in the preoperative management of HCCA. The goal of this procedure is to prevent cholestasis-associated toxic effects (4) and to improve liver regeneration after both liver resection and portal vein embolization (PVE), when PVE is necessary.(5) Though several groups tried to demonstrate benefits of biliary drainage before liver resection for HCCA, no clear conclusion was reached. In contrast, preoperative biliary drainage has been reported to increase the incidence of postoperative cholangitis. (6) A recent multicenter study of mortality after liver resection for HCCA preceded or not by biliary drainage revealed that preoperative biliary drainage may be beneficial for patients undergoing right hepatectomy but not left hepatectomy. (7) This divergent effect may be due to cholangitis after unnecessary biliary drainage before left hepatectomy, which is associated with a lower risk of hepatic insufficiency than right hepatectomy. (8) The aim of this study was to determine the factors associated with postoperative hepatic insufficiency and liver failure-related death in patients undergoing major liver resection for HCCA, with a focus on the impact of preoperative biliary tract infections.
METHODS
All patients who had undergone hepatectomy for HCCA from 1996 through 2013 at two tertiary care institutions (Department of General Surgery and Surgical Oncology of Mauriziano Umberto I Hospital in Turin, Italy, and Department of Surgical Oncology of The University of Texas MD Anderson Cancer Center in Houston, Texas, USA) were retrospectively identified from institutional databases. Patients' full medical records, including hospital charts, surgical records, and pathology reports, were retrieved. Patients were included in further analyses only if i) surgery had consisted of a macroscopically curative major or extended hepatectomy with common bile duct resection and Roux-en-Y biliary-enteric anastomosis (hepatopancreatoduodenectomy were excluded); ii) pathologic evaluation had confirmed HCCA; and iii) details were available on 1) serum bilirubin and albumin levels before and after surgery, 2) preoperative cholangitis associated or not with preoperative biliary drainage, 3) type of biliary drainage, 4) preoperative liver volumetry, and 5) postoperative complications. Data collection and analysis were performed according to institutional guidelines and conformed to the ethical standards of the Helsinki Declaration.
Definitions
HCCA extension was defined according to the Bismuth-Corlette classification.(9) HCCA was considered unresectable if a patient had locally advanced disease extensively involving the main portal vein proximally to its bifurcation or the common hepatic artery; encasement of the right or left portal branch with contralateral arterial involvement; or involvement of lymph nodes beyond the regional ones.
Major hepatectomy was defined as resection of three or more Couinaud segments. Extended hepatectomy was defined as resection of five or more Couinaud segments. Types of hepatectomy were classified according to the Brisbane 2000 terminology.(10) A resection was considered macroscopically curative when the margin was clear of tumor on microscopic examination (R0) or on macroscopic examination (R1). Operative mortality was defined as death before discharge from the hospital or within 90 days after surgery. Morbidity included any deviation from the normal postoperative course, and major morbidities were defined as any grade III or higher complication according to the classification scheme proposed by Dindo et al. (11) Preoperative cholangitis was diagnosed when two or more of the following conditions existed: body temperature higher than 38.5°C, white blood cell count more than 12 × 10 9 /l or less than 4 × 10 9 /l, or upper right abdominal pain in the presence of a positive bile culture. (12) Hepatic insufficiency was defined as a postoperative serum bilirubin level exceeding 7 mg/dl or, in patients with preoperative jaundice, as a higher serum bilirubin level than the preoperative level on postoperative day 5 or thereafter. (13, 14) Death from liver failure was defined as postoperative death directly related to progressive hepatic insufficiency. Postoperative bile leak, hemorrhage, and sepsis were defined according to internationally accepted criteria. (15) (16) (17) 
Preoperative management
Computed tomography, magnetic resonance imaging, and in some patients, cholangiography were used to assess the longitudinal tumor extension along the bile duct; involvement of the portal vein and/or hepatic arteries; invasion of the liver parenchyma; and presence of hepatic or extrahepatic metastases. All patients included in the study underwent computed tomography volumetry of the future liver remnant (FLR). When the estimated FLR was considered insufficient, preoperative PVE of the contralateral liver was performed. (18) (19) (20) Liver resection was scheduled at least 4 weeks after PVE if sufficient hypertrophy was achieved.
At MD Anderson Cancer Center, preoperative biliary drainage was performed in almost all patients presenting with jaundice. At Mauriziano Umberto I Hospital, indications for preoperative biliary drainage were cholangitis refractory to antibiotics, the need for PVE in a patient with serum bilirubin level higher than 10 mg/dl, hyperbilirubinemia-induced malnutrition, and anorexia causing a marginal performance status. Decompression of the biliary tree was achieved by percutaneous transhepatic biliary drainage of the FLR with internal-external drainage whenever possible, or by endoscopic retrograde biliary drainage. If the patient was referred to our centers with a malfunctioning biliary drainage catheter, this was replaced preoperatively with a new catheter placed by a percutaneous approach.
In cases of post-biliary drainage infection, resection was planned after the clinical resolution of cholangitis with an adequate medical treatment.
Surgical procedures
Beginning in 1997, laparoscopic exploration to rule out peritoneal carcinomatosis was performed routinely at Mauriziano Umberto I Hospital and selectively at MD Anderson Cancer Center. A right subcostal incision extended to the left of the midline or an inverted "L" incision was performed. (21) A midline split was sometimes necessary. Intraoperative liver ultrasonography was performed to assess resectability. Then the common bile duct was divided above the pancreas, and intraoperative frozen section evaluation was performed. The parenchymal transection technique was chosen by the surgeon. At MD Anderson Cancer Center, the "2-surgeon technique," with both an ultrasonic dissector (employed by the primary surgeon) and a saline-linked cautery (employed by the second surgeon), was used in most cases. (22) At Mauriziano Umberto I Hospital, liver resections were performed using a similar technique with an ultrasonic dissector together with bipolar forceps with continuous irrigation and absorbable suture clips to ligate smaller vessels or bile ducts or suture ligature to ligate larger vessels or bile ducts. Total hepatic inflow occlusion (Pringle maneuver) for periods of up to 15 minutes, alternating with 5 minutes of restored inflow, was used in the majority of cases at MD Anderson Cancer Center and in the early cases at Mauriziano Umberto I Hospital. In the later cases at Mauriziano Umberto I Hospital, pedicle clamping was performed only when persistent or major bleeding occurred during parenchymal transection.(23) During liver resection, extrahepatic vascular inflow and outflow was routinely controlled when possible, with ligation and section of appropriate portal vein and hepatic artery branches and hepatic veins.
Statistical analysis
Statistical analysis was performed with SPSS (version 20.0, SPSS Inc.). Categorical data were expressed as frequency (percentage) and compared by chi-square or Fisher's exact test as appropriate. Continuous data were expressed as median (range) and compared by the Mann-Whitney U test. Associations of perioperative variables with hepatic insufficiency and death from liver failure were first assessed at univariate analysis. Perioperative variables with a p value less than 0.2 at univariate analysis were entered into a multivariate logistic regression analysis in a backward stepwise manner. A p value less than 0.05 was considered statistically significant in all analyses.
RESULTS

Patient characteristics
A total of 133 patients, met the inclusion criteria and represented the study population; the majority of them (n=98, 74%) were treated after 2000. Patients' characteristics are summarized in Table 1 . HCCA was classified as type II in 19%, III in 71%, and IV in 10% of patients. Jaundice was the presenting symptom in 116 patients. Preoperative cholangitis before or after biliary drainage occurred in 42 patients. Preoperative biliary drainage was performed in 98 patients, and preoperative PVE was performed in 32 patients. Median (range) preoperative levels of albumin and total bilirubin were 3.6 mg/dl (2-4.9 mg/dl) and 1.9 mg/dl (0.2-32 mg/dl), respectively.
Resection consisted of excision of the entire extrahepatic bile duct combined with an en bloc major (n=67) or extended (n=66) hepatectomy, including in most patients (89.5%) a caudate lobectomy (caudate process, paracaval portion, and Spiegel lobe) (n=110) or resection of Spiegel lobe only (n=9). Portal vein resection and reconstruction was performed in 28 patients (21%). In one patient, the portal vein resection was combined with hepatic artery resection.
Overall, 102 patients (77%) suffered from postoperative complications and 73 (55%) from major complications. Among patients suffering from major complications, 29 had hepatic insufficiency, 24 bile leak, 17 sepsis, 9 abdominal hemorrhage, and 31 abdominal collections requiring drainage by an interventional radiologist. Postoperative death occurred in 15 patients and was due to liver failure in 10 patients. No significant changes in the mortality rate were observed over time, nor differences were found between centers. Vascular resection did not significantly increased the mortality rate (14.3% in patients undergoing versus 10.5% in those not undergoing vascular resection; p=0.519).
Comparison of patients with and without preoperative biliary drainage
Of the 98 patients who underwent preoperative biliary drainage, 50 underwent percutaneous transhepatic and 48 underwent endoscopic retrograde biliary drainage. Patients who did and did not undergo preoperative biliary drainage are compared in Table 1 . The two groups did not differ significantly in terms of age, sex, tumor type, FLR volume, operation time, intraoperative blood loss, and postoperative characteristics (all p>.050). Extended right hepatectomy was more often performed after preoperative biliary drainage, unlike left hepatectomy. Patients who underwent preoperative biliary drainage were more likely to have jaundice at diagnosis (93% versus 71%; p<.001) and to undergo preoperative PVE (32% versus 3%; p<.001).
Although patients who did and did not undergo preoperative biliary drainage had similar rates of cholangitis at presentation, the overall rate of preoperative cholangitis was significantly higher in patients who underwent preoperative biliary drainage (41% versus 6%; p<.001). Among the 35 patients who did not undergo preoperative biliary drainage, preoperative cholangitis occurred in only 2 patients and was controlled preoperatively with antibiotics. In contrast, among the 98 patients who did undergo preoperative biliary drainage, 5 had cholangitis at diagnosis and an additional 35 (36%) developed cholangitis after undergoing biliary drainage. As a result of biliary drainage, the preoperative median bilirubin level was lower in the preoperative-biliary-drainage group (1.7 mg/dl versus 5.5 mg/dl; p=.040).
Risk factors for hepatic insufficiency and death from liver failure
Predictors of hepatic insufficiency and death from liver failure are shown in Tables 2 and 3 . In univariate analysis, risk factors for hepatic insufficiency were preoperative cholangitis, FLR volume < 30%, and preoperative albumin level < 3.5 mg/dl. In multivariate analyses, these three factors and bilirubin level > 3 mg/dl independently predicted hepatic insufficiency . Specifically, the risk of developing hepatic insufficiency was about 3.5-fold higher in patients with FLR volume < 30%, preoperative cholangitis, and albumin level < 3.5 mg/dl, and about 4-fold higher in patients with bilirubin level > 3 mg/dl.
Preoperative cholangitis and FLR volume < 30% were the only predictors of death from liver failure, both in univariate and in multivariate analysis, and independently predicted a risk of death from liver failure about 7.5-fold higher, compared to patients who did not have preoperative cholangitis or who had an FLR volume ≥30%.
Comparison of patients with and without preoperative cholangitis
Patients who developed and did not develop preoperative cholangitis are compared in Table  4 . There was a trend toward higher median age and higher rate of preoperative PVE in patients with cholangitis, but these differences were not significant. A FLR volume < 30% was significantly more common among patients with preoperative cholangitis. Among the 98 patients who underwent preoperative biliary drainage, cholangitis was more common with endoscopic retrograde biliary drainage than with percutaneous transhepatic biliary drainage (p=.002).
Compared to patients without preoperative cholangitis, patients with preoperative cholangitis had a higher risk of overall (95% versus 65%; p<.001) and major complications (74% versus 46%; p=.003), mainly due to a higher risk of hepatic insufficiency (33% versus 16%; p=. 029), and a higher risk of death (24% versus 5%; p=.002), mainly due to a higher rate of death from liver failure (19% versus 2%; p=.001).
The effect of cholangitis on early outcomes differed according to the FLR volume. When the FLR volume was < 30%, rates of hepatic insufficiency and death from liver failure were significantly higher among patients with preoperative cholangitis than among patients without (p=0.040 and p=0.004, respectively) ( Figure 1) . Conversely, when the FLR volume was ≥ 30%, cholangitis did not affect rates of hepatic insufficiency or death from liver failure (p=0.621 and p=0.416, respectively) ( Figure 2 ).
DISCUSSION
Consistent with previous reports, (3, (24) (25) (26) results from our study confirmed high rates of major complications and death following liver resection for HCCA, with hepatic insufficiency emerging as the most common major complication and liver failure emerging as the most common cause of death. By investigating predictors of hepatic insufficiency and death from liver failure, we confirmed the importance of an adequate FLR volume in improving short-term results of surgery, and we showed for the first time an independent and strong association of preoperative cholangitis with an increased risk of both hepatic insufficiency and death from liver failure.
The association between an insufficient FLR volume and higher risks of hepatic insufficiency and death from liver failure after major hepatectomy was an expected result and is consistent with results from previous studies. (27) (28) (29) In this context, preoperative PVE to increase the FLR volume and thereby improve results of surgery was important: among 32 patients whose FLR was initially considered insufficient and who consequently underwent PVE before operation, 15 (47%) achieved an FLR volume higher than 30%, and none of these patients developed postoperative hepatic insufficiency or died of liver failure.
We also found an independent association between preoperative serum bilirubin level higher than 3 mg/dl and a higher risk of hepatic insufficiency. High preoperative serum bilirubin level was previously reported as an independent predictor of death after liver resection for HCCA. (7) Several studies have shown that hepatic resection in jaundiced patients can be associated with higher mortality and morbidity rates due to hemorrhages, subphrenic abscesses from biliary fistulae, sepsis, and liver failure. (7, (30) (31) (32) (33) Experimental studies shed light on the mechanisms underlying these associations, showing that cholestasis makes the liver parenchyma more susceptible to ischemia/reperfusion damage and inflammation, likely because of a reduction of antioxidant activity and an increase in the inflammatory response. (34, 35) In our study, of 98 patients who underwent preoperative biliary drainage, 65 (66%) had their jaundice relieved preoperatively and had a serum bilirubin level lower than 3 mg/dl at the time of surgery. The median interval between preoperative biliary drainage and surgery was significantly longer among patients whose jaundice was relieved (56 days) than among patients operated on with persistent jaundice (33 days; p<.001), suggesting that, among patients undergoing preoperative biliary drainage, delay of the operation to obtain complete relief of jaundice may be beneficial.
Serum albumin is a marker of the synthetic capacity of the liver and has traditionally been used to assess liver function in the context of the Child-Pugh classification. Consistent with previous reports, we found that low preoperative albumin level was associated with an increased risk of hepatic insufficiency. Although hypoalbuminemia in patients with sepsis may be simply a result of the infection, low albumin levels in other patients might identify patients with impaired nutritional status according to the Nutritional Risk Index, which can be used to identify patients who require a preoperative nutritional intervention to reduce the risks of surgery. (36) We speculate that in such patients, optimizing the nutritional status, especially with immunonutrition, might reduce the incidence of complications. While we await the results of the NCT02041871 trial (registered at clinicaltrials.gov) evaluating the interest of preoperative immunonutrition in unselected patients undergoing liver resection for cancer, we believe that malnourished patients should receive oral nutritional support.
The most interesting finding of the current study was the strong association between preoperative cholangitis and poor outcomes after liver resection. Several authors (6, 27, 37, 38) have reported that biliary drainage before liver resection for HCCA is associated with higher rates of postoperative infectious complications, suggesting a correlation between biliary contamination due to the biliary drainage procedure and the development of infections after liver resection. However, none of these prior studies found a direct association between preoperative biliary drainage and an increased risk of major complications or death, suggesting that while preoperative biliary drainage contributes to adverse short-term outcomes in one group of patients, another group of patients may benefit from this procedure. In this context, our study is important since it is the first western study to show an association between preoperative cholangitis and postoperative hepatic insufficiency and death from liver failure. Our findings are consistent with those of a previous study (39) that showed that the incidence of hepatic insufficiency following major hepatectomy was 71% in patients without and 88% in patients with preoperative cholangitis. However, the rates of hepatic insufficiency in this previous study were extremely high as a consequence of the criteria adopted to define this complication. Therefore, based on this previous evidence, the exact impact of cholangitis on post resection outcomes was poorly defined and difficult to substantiate in discussions with patients about surgical risk. The data from the current study, in which we used an internationally recognized and validated definition of hepatic insufficiency and the modern practice of reporting of mortality through 90 days, offers a clear and novel insight into the problem of preoperative biliary drainagerelated cholangitis. Even when controlled preoperatively with antibiotics, cholangitis may be associated with persistent subclinical biliary tract infection, which predisposes to the development of postoperative infections and impairs the regenerative capacity of the liver. In fact, experimental data obtained in a rat model indicate that segmental cholangitis reduces significantly the liver regeneration rate following partial hepatectomy.(40) Consistent with those experimental findings, in patients with preoperative biliary drainage-related cholangitis, the increase in the FLR volume per day after PVE is lower than in patients without cholangitis. (39) We also found that, among the 98 patients who underwent preoperative biliary drainage, preoperative cholangitis was significantly more common after endoscopic retrograde biliary drainage (67.5%) than after percutaneous transhepatic biliary drainage (32.5%; p=.002). This is similar to the findings of previous studies reporting higher rates of cholangitis and lower rates of technical and therapeutic success after endoscopic retrograde than after percutaneous transhepatic biliary drainage. (41, 42) Interestingly, a subgroup analysis also showed that the detrimental effect of preoperative cholangitis on surgical outcomes might be attenuated by large FLR volumes. Therefore, in patients experiencing preoperative biliary drainage-related cholangitis, surgery should not be performed, even if cholangitis has been controlled, until the FLR has reached a safe volume of 30%.
This study has some limitations. First, the retrospective nature of the study introduces selection biases. Second, given the long study period, there may have been heterogeneity in the preoperative use of both preoperative biliary drainage and PVE. However, the study reflects the use of PVE and preoperative biliary drainage over time that was based on the clinical evaluation of individual patients. In this context, we offer the following recommendations: 1) In jaundiced patients with insufficient FLR volume, preoperative biliary drainage should be performed before PVE to induce FLR volume increase. 2) Only the FLR should be drained, if possible; bilateral preoperative biliary drainage should be limited to patients with segmental cholangitis or with uncertain longitudinal tumor extension.
In conclusion, preoperative biliary drainage remains an important strategy to allow FLR volume increase in patients needing PVE, to treat jaundice-induced liver or renal failure, and to correct severe undernourishment or hypoalbuminemia. However, preoperative biliary drainage is frequently complicated by cholangitis, which is associated with an increased risk of hepatic insufficiency and death from liver failure following liver resection. Strategies to reduce the risk of preoperative biliary drainage-induced cholangitis, such as the preemptive prolonged use of antibiotics before and after the procedure, frequent checks and changes of the catheter, and use of external drains whenever possible, should be further investigated in order to optimize the outcome of patients with HCCA. 
